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Background: Maternal obesity, excessive gestational weight gain (GWG) and
post-partum weight retention (PPWR) constitute new public health challenges, due to
the association with negative short- and long-term maternal and neonatal outcomes.
The aim of this evidence review was to identify effective lifestyle interventions to manage
weight and improve maternal and infant outcomes during pregnancy and postpartum.
Methods: A review of systematic reviews and meta-analyses investigating the effects of
lifestyle interventions on GWG or PPWR was conducted (Jan 2009–2018) via electronic
searches in the databases Medline, Pubmed, Web of Science and Cochrane Library
using all keywords related to obesity/weight gain/loss, pregnancy or postpartum and
lifestyle interventions;15 relevant reviews were selected.
Results: In healthy women from all BMI classes, diet and physical activity interventions
can decrease: GWG (mean difference −1.8 to −0.7 kg, high to moderate-quality
evidence); the risks of GWG above the IOM guidelines (risk ratio [RR] 0.72
to 0.80, high to low-quality evidence); pregnancy-induced hypertension (RR 0.30
to 0.66, low to very low-quality evidence); cesarean section (RR 0.91 to 0.95;
high to moderate-quality evidence) and neonatal respiratory distress syndrome (RR
0.56, high-quality evidence); without any maternal/fetal/neonatal adverse effects. In
women with overweight/obesity, multi-component interventions can decrease: GWG
(−0.91 to −0.63 kg, moderate to very low-quality evidence); pregnancy-induced
hypertension (RR 0.30 to 0.66, low-quality evidence); macrosomia (RR 0.85, 0.73 to
1.0, moderate-quality evidence) and neonatal respiratory distress syndrome (RR 0.47,
0.26 to 0.85, moderate-quality evidence). Diet is associated with greater reduction of
the risks of GDM, pregnancy-induced hypertension and preterm birth, compared with
any other intervention. After delivery, combined diet and physical activity interventions
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reduce PPWR in women of any BMI (−2.57 to−2.3 kg, very low quality evidence) or with
overweight/obesity (−3.6 to−1.22, moderate to very low-quality-evidence), but no other
effects were reported.
Conclusions: Multi-component approaches including a balanced diet with low
glycaemic load and light to moderate intensity physical activity, 30–60min per day
3–5 days per week, should be recommended from the first trimester of pregnancy
and maintained during the postpartum period. This evidence review should help inform
recommendations for health care professionals and women of child-bearing age.
Keywords: obesity, weight gain, pregnancy, postpartum, physical activity, nutrition, intervention, systematic
review
INTRODUCTION
Overweight and obesity are increasing steadily in all age groups
worldwide, especially in low- and middle income countries (1).
Pre-pregnancy obesity (body mass index, BMI ≥ 30 kg/m2),
excessive gestational weight gain (GWG) and post-partumweight
retention (PPWR) are seen as new public health challenges, given
the association with negative short- and long-term maternal
and child outcomes (2). These outcomes include obstetrical
or neonatal complications, obesity, type 2 diabetes (T2D) and
cardiovascular diseases (CVD) later in life (3–10) (see Table 1).
Large for gestational age neonates have a 50% risk of
developing obesity and a metabolic syndrome between 6 and
11 years of age (33), and a 35% risk of dying prematurely of
CVD (22). To reduce the detrimental intergenerational cycle
of obesity and associated non-communicable diseases (NCDs),
weight management during pregnancy and postpartum should
be prioritized across countries, with an increased commitment
for concerted, coordinated and specific actions. The aim of
this overview is to draw together systematic review evidence
examining the effectiveness of different intervention approaches
for the management of maternal weight and the improvement of
maternal and child health outcomes.
Maternal Obesity as a Global Health Issue
In 2016, a world report from the Non-Communicable Diseases
Risk Factor Collaboration indicated that age-standardized
prevalence of obesity increased from 3.2% in 1975 to 10.8%
in 2014 in men, and from 6.4 to 14.9% in women (1). In
the United States of America (U.S.A), pre-pregnancy obesity
prevalence increased by an average of 0.5% point per year
from 17.6% in 2003 to 20.5% in 2009 (34). Currently, 31.9% of
reproductive age women in the U.S.A. have obesity and 55%
have obesity or are overweight, with a higher prevalence in
non-Hispanic black and Mexican American women (35). In the
Abbreviations: BMI, Body Mass Index; CVD, Cardiovascular disease; GDM,
Gestational diabetes mellitus; GWG, Gestational weight gain; GWL, Gestational
weight loss; HTA, Hypertension; IGR, Intra-uterine growth retardation; IOM,
Institute of Medicine; LGA, Large for gestational age; NCD, Non-communicable
disease; OB, Obesity; OW, Overweight; PA, Physical activity; PPWL, Post-partum
weight loss; PPWR, Post-partum weight retention; PTB, Preterm birth; RCT,
Randomized controlled trial; SGA, Small for gestational age; WHO, World Health
Organization.
European region, the current prevalence of maternal obesity
ranges from 7 to 25% (36), and it is expected to increase to
37% by 2020 (22). First trimester maternal obesity is significantly
increasing over time in the United Kingdom too, having more
than doubled from 7.6 to 15.6% over 19 years (1989 and 2007)
(22).
Gestational Weight Gain, Maternal and
Neonatal Outcomes
Ideally, total GWG is calculated as the difference between
body weight at the first trimester and last antenatal visit
prior delivery (37). Gestational weight gain differs between
individual women (38), and is associated with several factors
such as pre-pregnancy BMI, maternal age, parity, ethnicity,
GDM, hypertension, edema and smoking (39). Both over- or
under-nutrition during gestation, particularly during the first
two trimesters, are related to childhood obesity (33, 40, 41).
Gestational weight gain is closely associated with the infant’s birth
weight and every additional kilogram of GWG can increase birth
weight by 7.35g (42). Excessive GWG is related to overweight in
early, middle and late childhood (43), and later life (40 years) in
daughters (44).
Excessive GWG is a known risk factor for multiple adverse
outcomes such as GDM, pregnancy-induced hypertension,
preeclampsia, stillbirth, macrosomia, and post-partum
hemorrhage (45, 46). It also contributes to long-term PPWR
in childbearing women, and related disease outcomes, thus
elevating the risks for subsequent pregnancies (47, 48). Pre-
pregnancy BMI is a strong predictor of excessive GWG (49–51).
Baseline overweight combined with excessive GWG results in
an increased risk of fetal complications, and a higher long-term
likelihood of retaining excessive weight (50, 51). In women
with low socio-economic status, high early pregnancy BMI,
nulliparity, and discordant clinician advice are directly associated
with excessive GWG (52). A meta-analysis of 17 observational
studies showed a significant relationship between excessive
GWG and higher PPWR risk (OR 2.08; 95% CI: 1.60−2.70) (53),
however mean PPWR decreased with increasing BMI classes.
Authors suggested that GWG, rather than pre-pregnancy BMI,
determines the shorter or longer PPWR.
Inter-pregnancy weight gain, which may be due to PPWR or
additional weight gain between gestations, is also associated with
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adverse pregnancy outcomes (54), and long-term obesity, type 2
diabetes and risk factors for CVD (55). The average PPWR ranges
from 0.5 kg (56) to 4 kg (57); however, 14–25% of women who
gain significant amounts of weight during pregnancy will retain
more than 4.5 kg after birth (55, 57). Woman in child-bearing
years (25–34 years) have the highest risk of weight gain compared
with men or women in other age groups (58). In Sweden, two-
thirds of women weigh more than their pre-pregnancy weight at
6 months postpartum (59) and, in the U.S.A., up to 75% of low-
income postpartum mothers are heavier at 1 year postpartum
compared with their pre-pregnancy weight (60). In a longitudinal
study of 2055 postpartumwomen in Australia, a greater postnatal
increase in BMI was reported for women defined as having
excessive GWG (odds ratio 3.72; 95% CI: 3.12–4.31) than for
women with adequate GWG. Those who gained excess weight
during pregnancy had increased odds of being overweight (2.15;
95%CI: 1.64–2.82) or to have obesity (4.49; 95%CI; 3.42–5.89) 21
years after the index pregnancy (49). So, failure to lose excessive
GWG after delivery can contribute to obesity in midlife, and to
an intergenerational cycle of obesity within the female population
and offspring.
Current Maternal Weight Policies
Despite the growing evidence that maternal obesity and excessive
GWG are risk factors for major obstetrical complications, poor
subsequent maternal and child health, and for the transmission
TABLE 1 | Pre-pregnancy obesity-related risks to women and offspring.
Period Women Offspring
Before
conception
Menstrual cycle
dysregulation, anovulation
and infertility (11)
–
Pregnancy Miscarriage (12)
Gestational diabetes
mellitus (13)
Pregnancy-induced
hypertension (14, 15)
Preeclampsia (16)
Thrombo-embolism (17)
Congenital defects (18, 19)
Premature birth (20)
Large for gestational age
Macrosomia (>4,000 g) (21)
Delivery Cesarean sections
Labor induction, surgical
complications and failures of
epidural analgesia
(3, 22–26)
Stillbirth (24, 27)
Neonatal trauma (assisted
vaginal delivery and head
trauma, shoulder dystocia)
(7, 28)
Low umbilical arterial
pH<7.1 and low Apgar
score at 5 and 10min (7)
Postpartum Difficulties in initiating and
sustaining breastfeeding
(29)
Systematic transfer to
monitoring in case of GDM
(risk of hypoglycemia) (7)
Increased admission rate in
the intensive care unit (30)
Long-
term
Postpartum weight retention
and inter-pregnancy obesity
(31, 32)
Type 2 diabetes
Long-term vascular
dysfunction (14, 15)
Childhood obesity and
premature metabolic
syndrome (33)
Premature death from
cardiovascular disease (22)
of obesity to the next generations (61, 62), there is inconsistency
in maternal weight gain policies across the world (63). This
may be explained by the fact that there is some evidence that
women with obesity may have better outcomes if they gain
only small amounts of weight, or even lose weight during
pregnancy, while there is conflicting evidence that insufficient
GWG may result in increased risk of intra-uterine growth
retardation (IGR) and small for gestational age (SGA) (64–68).
Coherence in guidelines internationally is important to address
both inadequate and excessive GWG, including all obesity
classes.
In 1990, the U.S.A. IOM produced guidelines for GWGwhich
were been updated in 2009 (Table 2) (69). These guidelines
are widely considered to be the international gold standard,
however they do not provide recommendations for different
classes of obesity (I, II, and III), as defined by WHO. Having a
pre-pregnancy BMI in the normal range (18.5–24.9 kg.m−2), a
GWG within the IOM 2009 guidelines, and losing the excessive
weight gain during the postpartum period are associated with
better short- and long-term health for the mother and the child
(47, 70–73). The accurate knowledge of GWG recommendations
by pregnant women is associated with appropriate GWG, as is the
correct classification of pre-pregnancy BMI (74). However, there
is limited evidence that regular weighting, without a concomitant
lifestyle intervention, can control GWG. A recent systematic
review and meta-analysis including only two RCTs reported
no effect of self-weighting or clinician weighting on GWG per
week, or excessive GWG, or other pregnancy, birth and infant
outcomes (75).
Pregnant women with obesity often lack knowledge about
related complications during pregnancy, and communication
with healthcare providers is often experienced as stressful,
confusing and judgmental (76). Although health care
professionals are well positioned to discuss GWG and healthy
behaviors during pregnancy, there are many barriers to patient-
provider communication such as lack of clinical guidelines,
insufficient training, lack of time, concern about the sensitivity
of the topic, negative attitudes and the perception that the advice
is ineffective (77). A recent American study has shown that
only 52% of pregnant women reported provider’s advice on
weight gain, 63% on physical activity and 56% on nutrition,
though health care professionals can influence women’s weight
related intentions during pregnancy (76). Women who were
less educated, had lower income, were non-White, multiparous
and reported lower perceived health, were less likely to report
physical activity advice.
TABLE 2 | The United States of America Institute of Medicine Recommendations
(2009) for total weight gain during pregnancy, by pre-pregnancy body mass index.
Pre-pregnancy BMI BMI (kg.m−2) Total weight gain range in kg (lb)
Underweight <18.5 12.7–18 (28–40)
Normal weight 18.5–24.9 11.3–15.9 (25–35)
Overweight 25–29.9 6.8–11.3 (15–25)
Obesity (classes I, II, III) >30 5–9 (11–20)
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The aim of the following overview of systematic reviews and
meta-analyses was to identify lifestyle interventions that have
shown to be effective in controlling GWG, PPWR and thus
improve maternal and child outcomes, in order to inform health
care professionals and policy makers.
MATERIALS AND METHODS
Study Design
A review of international systematic reviews and meta-analyses
published in all languages between 1st January 2009 (year of
publication of the revised IOM guidelines) (69) and 31st January
2018 was used to identify effective lifestyle interventions to
control GWG and/or PPWR.
Participants, Interventions, Comparators
Systematic reviews or meta-analyses that evaluated dietary,
physical activity, well-being or a multi-component interventions
in pregnancy or postpartum were included. They selected only
randomized controlled trials (RCT), or provided a separate
analysis for RCTs. The main outcome measures were GWG, or
GWG above the IOM guidelines, PPWG or postpartum weight
loss (PPWL). Studies could include healthy women from any
BMI class or parity, with a singleton pregnancy. Comparators are
standard care or minimal care or no intervention.
Search Strategy
The Medline, Pubmed, Web of Science and the Cochrane
Library databases were used with a combination of the following
keywords: (“obesity” OR “overweight” OR “weight gain” OR
“weight retention” OR “weight loss” OR “weight management”
OR “weight control”) AND (“pregnan∗” OR “gestation” OR
“obstetrics” OR “post-partum” OR “postpartum” OR “postnatal”
OR “post pregnancy” OR “post childbirth” OR “following
pregnancy” OR “following childbirth”) AND (“lifestyle” OR
“behavior” OR “exercise” OR “physical activity” OR “fitness” OR
“diet∗” OR “nutrition” OR “food” OR “well-being” OR “mental
health” OR ”psychological health”).
Finally, the keywords (“outcome∗” OR “complication∗” OR
“co-morbidities” OR “gestational diabetes” OR “hypertension”
OR “pre-eclampsia” OR preeclampsia” OR “hemorrhage”
OR “hemorrhage” OR “prematurity” OR “stillbirth” OR
“macrosomia” OR “large for gestational age” OR ”small for
gestational age” OR “dystocia” OR “congenital defect∗” OR
“neonatal complication∗”) were combined to the primary search
to assess effects of interventions on maternal or fetal/neonatal
outcomes.
The search was performed by one person (NFL) in the context
of aMaster’s project in Global Health Policy at the London School
of Hygiene and Tropical Medicine, University of London. The
specificity of the search was increased using search filters for
systematic reviews or meta-analyses (Pubmed). The references
obtained in the articles were scanned to ensure a complete
collection of the relevant systematic reviews and meta-analyses,
however no additional articles were found.
Data Extraction
The following data were extracted from the selected systematic
reviews and meta-analyses: “a priori” design, search strategy
and data, inclusion criteria for selected studies, included
studies, countries, participant’s characteristics, recruitment, type
of interventions, methods of delivery, comparator, outcome
measures, quality assessment, analysis, methods used to combine
findings, weighted mean difference or risk ratio (and 95%
confidence interval), reported quality of evidence, conclusions,
source of support and conflicts of interest (for either the review
and included primary study authors).
Quality Assessment
Reviews had to report an objective assessment of the
methodological quality of studies to assess the risk of bias,
as well as heterogeneity and sensitivity analysis (Guidelines of
the US National Heart, Lung and Blood Institute) (78). The
quality of the selected studies was examined separately by two
investigators (NFL and LJE) using the R-AMSTAR checklist—
Revised Assessment of Multiple Systematic Reviews for grading
of clinical relevance (79). This instrument contains 11 questions
(each with 3 or 5 items) rated from 1 to 4 (total score range from
11 to 44). When there was disagreement in the assessment, a
consensus was reached through discussion.
Ethical Considerations
The Ethics Committee of the London School of Hygiene and
Tropical Medicine of the University of London considered that
this research did not require approval.
RESULTS
Study Selection and Characteristics
The search from the standardized computer databases yielded
3,116 articles (Figure 1). Publications which were not a review
were excluded and 1,559 studies were extracted. Titles and
abstract were reviewed to identify relevant articles. After
removing 1,241 animal studies and 2 duplicates, 316 reviews
were identified, of these 32 systematic reviews and/or meta-
analyses. The full text for each article was obtained and assessed
against the inclusion criteria. Seventeen systematic reviews were
excluded due to: inappropriate study design (n = 12) (80–91);
inappropriate population (n = 1) (92); inappropriate outcome
(n = 3) (93–95) or absence of quality assessment (n = 1)
(96). Data from the remaining 15 systematic reviews and/or
meta-analyses were analyzed to identify effective interventions
to control GWG and PPWR/PPWL, and any related impact on
maternal and infant outcomes, and contributors to success.
Twelve antenatal and six postpartum reviews of lifestyle
interventions on GWG or PPWR were identified (Table 3). Nine
reviews also examined the effects of interventions on maternal
or fetal/neonatal outcomes (Table 4). The majority of trials
were conducted in upper-middle and high-income countries
(Australia, Austria, Belgium, Brazil, Canada, China, Colombia,
Denmark, Egypt, Finland, Germany, Iran, Italy, Japan, Kosovo,
Norway, Sweden, the Netherlands, Spain, Taiwan, Thailand,
U.S.A, U.K.). Two studies recruited women with low income
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FIGURE 1 | Flow diagram of the systematic reviews retrieved for the review.
in the U.S.A. and Canada. Three reviews conducted a subgroup
analysis of antenatal diet, physical activity or multi-component
interventions (101, 102, 106); one study examined antenatal
and postpartum physical activity interventions (98); and two
studies reviewed antenatal and postpartum multi-component
interventions (105, 106).
Participants
Participants were healthy women with a singleton pregnancy
or postpartum. Both nulliparous and multiparous women were
included. Most antenatal studies recruited participants at less
than 20 weeks’ gestation. The 15 reviews comprised of five to
65 RCTs, and involved 251 to 11,410 women. Three reviews
in pregnancy (105–107) and two reviews in postpartum (105,
106) recruited only women with overweight or obesity. The
remaining reviews included women from the general population
irrespective of weight status, and the proportion of women with
a normal BMI varied widely across trials. Only two reviews
reported results for women with overweight/obesity, and those
with low-risk (normal BMI) separately (101, 102). One review
included women with diabetes, but conducted a subgroup
analysis after excluding women with pre-existing diabetes or
GDM (102). When ethnicity was examined, most participants
were Caucasian or there was insufficient information provided
to assess ethnicity.
Interventions
Twelve reviews examined the effectiveness of interventions
that aimed to change lifestyle (diet, physical activity or
both) in pregnant women with any BMI (n = 9) or with
overweight/obesity (n = 3). Antenatal dietary interventions
typically included a balanced diet consisting of proteins (15–
20%), fat (maximum 30%), and carbohydrates (50–55%) with
low glycemic load (high fiber: beans, lentils and vegetables, fruits,
unprocessed whole grains). Two RCTs provided energy targets by
weight (18–24 kcal/kg).
Antenatal physical activity interventions generally consisted
of 20–70min of exercise per day at light to moderate intensity,
2–5 days per week. Selected trials included supervised (n = 25,
35–60min of aerobic and/or resistance training, weight-bearing
exercises) or unsupervised (n = 8, counseling) physical activity.
Pedometers were used in some studies. The multi-component
approach included counseling or exercise sessions, education and
feedback on weight gain using behavioral change techniques.
Six reviews examined the effectiveness of interventions that
aimed to improve lifestyle (diet, physical activity or both) in
postpartum women with any BMI (n = 4) or with overweight
or obesity (n = 2). Post-partum interventions were conducted
in community, primary care or secondary care settings. Two
physical activity only trials included supervised exercise: 45min
of aerobic activity (brisk walking) at 60–70% of maximal heart
rate 4 days per week, or walking 10,000 steps per day, during
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TABLE 3 | Summary of effects of lifestyle interventions on gestational weight gain and postpartum weight loss.
Systematic reviews RCTs (n) BMI Participants (n) R-AMSTAR score % score R-AMSTAR
Ranking
Weighted mean
difference
95% CI I2
Physical activity interventions during pregnancy GWG
Streuling et al. (97) 12 Any BMI 906 33 75 C −0.61 −1.17 to −0.06 25
Elliot-Sale et al. (98) 3 Any BMI 214 28 64 D −2.22 −3.14 to −1.30 0
da Silva et al. (99) 18 Any BMI 3,203 30 68 D −1.1 −1.53 to −0.69 0
Perales et al. (100) 29 Any BMI Not reported 16 36 D n.a.
Multi-component diet and physical activity interventions during pregnancy GWG
Muktabhant et al. (101) 3 Any BMI 444 40 91 A −1.8 −3.36 to −0.24 76
Thangaratinam et al.
(102)
30 Any BMI 3,140§ 41 93 A −1.40 −2.09 to −0.71 80
Shepherd et al. (97) 16 Any BMI 5,052 42 95 A −0.89 −1.39 to −0.40 43
International Weight
Management in
Pregnancy
Collaborative (103)
33 Any BMI 11,410 33 75 C −0.7 −0.92 to −0.48 0
O’Brien et al. (104) 4 Any BMI 446 30 68 D −1.25 −2.39 to 0.11 42
Lau et al. (105) 7 OW/OB 1,652 36 82 B −0.63 −1.07 to −0.20 14
Choi et al. (106) 7 OW/OB 721 30 68 D −0.91 −1.76 to −0.06 8
Flynn et al. (107) 13 OW/OB 4,276 27 61 D NA
Physical activity interventions during postpartum PPWL
Elliot-Sale et al. (98) 2 Any BMI 214 28 64 D −1.74 (p = 0.06) −3.59 to 0.10 0
Multi-component diet and physical activity interventions during postpartum
Berger et al. (108) 13 Any BMI 1,310 32 73 C n.a.
Nascimento et al. (109) 11 Any BMI 769 33 75 C −2.57 −3.66 to−1.47 66
Lim et al. (110) 32 Any BMI 1,892 29 66 D −2.3 −3.22 to −1.39 84
Lau et al. (105)‡ 3 OW/OB 251 36 82 B −3.6 −6.59 to −0.62 84
Choi et al. (106) 4 OW/OB 547 30 68 D −1.22 −1.89 to −0.56 25
Results are presented as weighted mean difference and 95% confidence intervals. RCT, randomized controlled trial; BMI, body mass index; OW, overweight; OB, obesity; GWG,
gestational weight gain; PPWL, postpartum weight loss; n.s., non-significant; n.a., not applicable (no meta-analysis). ‡ significant effect at 1-2 months postpartum only; § Studies on
women with pre-existing diabetes or GDM were excluded for this sub-analysis (5 RCTs were excluded).
12 weeks (98). The multi-component diet and physical activity
interventions during postpartum comprised of a balanced diet, or
a calorie restricted diet, plus supervised (2 trials, walking 3–5 days
per week, or general aerobic exercises 5 days per week, or strength
training 3 days per week plus walking 10,000 steps per day, during
10–16 weeks) or unsupervised (personalized counseling and
skill training, heart rate monitor or pedometer, self-monitoring,
feed-back, correspondence programs, text messages, phone calls,
Internet) (106, 109, 110). Delivery varied between individual or
group sessions, conducted either at home or at a center. The
duration of the interventions was 11 days to 36 months.
The comparator in each of the 12 reviews in pregnancy was
“usual or standard care.” In the six postpartum reviews, “usual
or minimal care,” true control (no intervention) or an alternative
concomitant intervention (information printouts) were used as
comparators.
Outcome Measures
Eleven reviews in pregnancy examined the same primary
outcome measures (GWG, excessive GWG according to the
IOM recommendations); one review selected GDM as the
primary outcome measure, but included GWG as a secondary
outcome (111). Nine reviews in pregnancy examined maternal
or fetal/neonatal outcomes as secondary measures (GDM,
Pregnancy-induced hypertension, pre-eclampsia, preterm birth,
cesarean delivery, birthweight, macrosomia, LGA, stillbirth,
shoulder dystocia, neonatal hypoglycemia, neonatal respiratory
distress syndrome, admission to intensive care unit). Six of them
assessed adverse events (low GWG, SGA, preterm birth, death).
The six postpartum reviews examined PPWR or PPWL as
the primary outcome. Two studies assessed maternal outcomes:
cardio-metabolic risks (108), or change in moderate to vigorous
physical activity and dietary intake (105). Adverse effects were
examined in only one of the six postpartum reviews (108).
Methodological Quality of Included
Reviews
The R-AMSTAR assessment results for each review are shown
in Table 3. Antenatal reviews scored between 16 (very low-
quality) and 42 (high-quality) and postpartum reviews between
29 (very-low quality) and 36 (high-quality), out of a possible 44.
Areas where the majority of reviews were marked down included
not adequately describing excluded studies and statistical tests,
and not providing a clinical consensus statement. However, all
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reviews reported using the Cochrane Collaboration Risk of Bias
tool or the GRADE method.
Risk of Bias
The bias associated with the included trials varied widely across
the reviews. Random sequence generation was at low risk of
bias for the majority of included studies. Allocation concealment
was generally of low or unclear risk of bias. Performance bias
was high risk for the majority of the trials, mostly due to the
difficulty of blinding study personnel and participants in lifestyle
interventions. Detection bias also varied across the reviews, with
lower risk of bias for objective outcomes (e.g., body weight).
There was an unclear or high risk of attrition bias especially in
postpartum trials (drop-out up to 50%). Selective reporting bias
was generally unclear or high risk in a large proportion of trials in
each review. The proportion of trials with low risk of other biases
varied across the reviews.
Quality of Evidence
Four reviews assessed the overall quality of the evidence using the
GRADE method (101, 102, 108, 111). Overall the quality of the
evidence was high to very low for GWG andmoderate to very low
for PPWR, and was low formaternal and fetal/neonatal outcomes
measured in the reviews and adverse events. There was no data on
socioeconomic effects. The reasons for downgrading the evidence
included high risk of bias (e.g., attrition), imprecision (wide
confidence intervals), and inconsistency (heterogeneity).
Synthesized Findings
Lifestyle Interventions During Pregnancy
Physical activity interventions
The summary of effects of antenatal and postpartum lifestyle
interventions on GWG (n = 12) or PPWR (n = 6) is presented
in Table 3 (detailed description of reviews in Tables 5–7). Two
studies conducted subgroups analysis to assess the effects of
physical activity (supervised or unsupervised) interventions on
GWG and maternal or child health outcomes (102, 106).
Physical activity interventions were effective in significantly
reducing GWG (mean weighted difference, MD−2.2 to−0.61 kg
(97–100, 106). The heterogeneity was low (I2 = 0–25%) and the
overall quality of evidence was from low to very low (Table 3).
No dose-dependent effect could be demonstrated (80), and some
difficulties in attending regularly scheduled programs sessions
were reported (99).
The summary of effects of antenatal interventions on
maternal, fetal or neonatal outcomes is presented in Table 4
(detailed description of reviews in Table 6). In women from
all BMI classes, physical activity interventions were effective in
reducing the risk of GDM (−33%, very low-quality evidence)
(99), cesarean section (very low-quality evidence) (100) and
LGA (−49%, very low-quality evidence) (99) compared to
standard care. After excluding the three RCTs with high risk
of bias, Muktabhant et al. showed also that the likelihood of
macrosomia was significantly reduced (RR 0.56, 95% CI 0.36–
0.88, 1,274 women, 8 RCTs, I2 = 0%) in intervention compared
to control groups. Combined aerobic and resistance training
significantly increased cardiorespiratory fitness and reduced
urinary incontinence (moderate-quality evidence) (100). No
adverse effect of physical activity (SGA, preterm delivery) could
be identified in two reviews (99, 100).
There was no information in women with overweight or
obesity. Though one high-quality review showed in a subgroup
analysis that physical activity interventions were effective in
significantly reducing GWG (weightedMD−1.35, 95% CI−1.80
to −0.89) in the mixed risk group (all BMI) but not in the high-
risk group (women with overweight/obesity or at risk of GMD)
(101).
Multi-component diet and physical activity interventions
Eight systematic reviews (nine with meta-analysis) included diet
and physical activity interventions either as a single or a multi-
component program (Table 3).
In pregnant women from all BMI classes, multi-component
diet and physical activity interventions were effective in reducing
GWG (weighted MD −1.8 to −0.7 kg, I2 = 0–80%, high-quality
evidence in 3 of 5 reviews) (101–104, 111) and in decreasing the
likelihood of excessive GWG (RR 0.72–0.80, moderate-quality
evidence) (101, 104). There was also evidence for less PPWR (MD
−0.94 kg, 95% CI −1.52 to −0.37; 1,673 women, 6 RCTs) at the
latest time reported (from 6 weeks to 12 months postpartum)
in the antenatal intervention compared to standard care groups
(101). Supervised physical activity, personal counseling, weight
monitoring or pre-determined maximal GWG goal, and early
intervention contributed to reduced GWG.
In pregnant women with overweight or obesity, a significantly
reduced GWG (weighted MD −0.91 to −0.63 kg, I2 = 8–
14%, moderate to very low-quality evidence) was also reported
in intervention compared to standard care groups (102, 105–
107). One high-quality (A) systematic review conducted a
subgroup analysis and demonstrated that antenatal diet only
interventions (balanced diet, with low glycemic load) had greater
effects in reducing GWG in women from all BMI classes
(weighted MD −5.53 kg, 95% CI −8.54 to −2.53, p < 0.001) or
with overweight/obesity (−7.73 kg, 95% CI −9.40 to −6.05 kg,
p < 0.001, I2 41%), compared to standard care (102).
Multi-component diet and physical activity interventions
were effective in decreasing the risk of pregnancy-induced
hypertension (−66 to −30%; low to very low-quality evidence)
(101, 104), cesarean delivery (−9 to −5%; high to moderate-
quality evidence) (101, 102) and neonatal respiratory distress
syndrome (RDS, −44%, high-quality evidence) (101) in women
from all BMI classes. There was a non-significant trend toward
reduced likelihood of GDM (−15%, moderate-quality evidence)
(111) and macrosomia (−11%) (111).
In women with overweight or obesity, multi-component diet
and physical activity interventions were effective in decreasing
the risks of pregnancy-induced hypertension (−70%, low-quality
evidence) (101, 102), macrosomia (−15%, moderate-quality
evidence) (101), but not LGA, and neonatal RDS (−53%,
moderate-quality evidence) (101). There was no other effect
or harm to maternal or infant health reported. Supervised
physical activity or personalized prescription of physical activity,
e-based platform plus in-person counseling or telephone calls,
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contributed to reduce GWG in women with overweight or
obesity (105).
Diet only interventions (balanced diet, with low glycemic
load) resulted in significantly greater reductions in the risks
of GDM (−61%, low-quality evidence), pregnancy-induced
hypertension (−70%, low-quality evidence), and preterm
delivery (−74%, low-quality evidence) in women from all
BMI classes and in pregnancy-induced hypertension (−70%,
low-quality evidence) in women with overweight/obesity (102).
There was also a trend toward decreased risk of pre-eclampsia
(−18%, low-quality evidence), but no evidence of other maternal
or fetal/neonatal effect or harm, especially no evidence for SGA.
Lifestyle Interventions During Postpartum
Six systematic reviews (five with meta-analysis) included physical
activity (n = 1) or multi-component diet and physical activity
interventions (n= 5, see Table 3);
Physical activity interventions
In women from all BMI classes, one review showed that physical
activity interventions (12-week progressive walking protocol in 2
RCTs) resulted in non-significant changes in PPWL (13).
Multi-component diet and physical activity interventions
In women from all BMI classes, combined diet (healthy diet or
calorie restricted diet) and physical activity intervention were
effective in reducing PPWR (weighted MD−2.6 to−2.3 kg, very
low-quality evidence) (109, 110). Use of a heart rate monitor or
a pedometer or modern technologies (internet, text messages,
emails, phone calls), self-monitoring, and duration less than 6
months contributed to the effects of interventions (109).
In women with overweight or obesity, combined diet and
physical interventions (e-based or individual/ group sessions)
were effective to reduce PPWL (weighted MD −3.6 to −1.22 kg,
moderate to very low-quality evidence) (105, 106). Personalized
prescription of PA and goals setting contributed to PPWL (106).
No other maternal effect or harm were observed but there is
little data. Dewey et al. reported no change in milk volume
and composition among women enrolled in an exercise-only
intervention compared to usual care (112).
None of the systematic reviews examined effects of lifestyle
interventions on quality of life or psychological health during
pregnancy or postpartum.
DISCUSSION
Summary of Main Findings
Multi-component dietary and lifestyle interventions are effective
in decreasing GWG and the likelihood of weight gain
above the IOM guidelines in women of all BMI classes,
without any reported maternal or fetal/neonatal adverse effect.
Regular light to moderate intensity physical activity during
pregnancy reduce GWG, however interventions including a
balanced diet with a low glycemic load, are associated with
the greatest reduction. Multi-component diet and physical
activity interventions decrease the risks of pregnancy-induced
hypertension, cesarean section and neonatal respiratory distress
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syndrome. Diet in particular is associated with greater reduction
of the risk of GDM, pregnancy-induced hypertension and
preterm delivery, compared with any other intervention. There
is no evidence for effects on outcomes related to fetal weight,
morbidity and mortality.
In women with overweight and obesity, multi-component
diet and physical activity interventions are effective in reducing
the risks of pregnancy-induced hypertension, macrosomia
and neonatal respiratory distress syndrome. In addition, diet
only interventions are effective in decreasing the risks of
GDM and pregnancy-induced hypertension in this population.
After delivery, multi-component diet and physical activity
interventions are effective in reducing PPWR in women of all
BMI classes, but no other effect on maternal or infant outcomes
are reported.
Effective Interventions to Reduce
Gestational Weight Gain
Pregnancy is a time when women may be motivated to change
their health behaviors. A healthy diet and regular physical
activity are currently recommended during pregnancy in healthy
weight pregnant women (69, 113, 114), and women with a
BMI over 35 are encouraged to obtain advice from a dietician
(115). Our findings support the current recommendations,
even if the dietary regimen or the optimal dose of physical
activity has not been determined yet. Several components
appear to contribute to the control of GWG, such as
early intervention implementation, supervised physical activity,
personal counseling, weight monitoring combined with a lifestyle
intervention, or pre-determined maximal GWG goal.
An increased energy intake during the 2nd and the 3rd
trimester is usually recommended (116). Our evidence review
shows that diet-based interventions (counseling, balanced diet,
low glycemic load, energy target by weight 18–24 kcal/kg, food
diary) are associated with the greatest reduction in GWG.
Therefore, caution should be taken in women with overweight
and obesity in telling them to increase their energy intake in the
2nd and 3rd trimesters.
The epigenetic profile of the developing fetus is sensitive
to environmental influence. Maternal diet has been shown to
influence DNA methylation patterns in offspring, but research
in humans is limited (117). Recently, findings from the ROLO
study (Randomized control trial of Low glycaemic index diet
to prevent macrosomia) suggested that low glycemic index
dietary intervention during pregnancy was associated with subtle,
yet widespread differential DNA methylation at regions across
the offspring’s genome (118). These data imply that exposure
to a dietary intervention may impact the neonatal epigenome
and therefore their risk of obesity and NCDs during fetal
development, though larger studies are required to fully explore
interventions in pregnancy.
Women typically reduce their physical activity level during
pregnancy (119). This evidence review shows that light to
moderate intensity physical activity, including aerobic and
resistance exercises, should be encouraged 3 −5 times per weeks
for a duration of 30–60min without adverse effects in healthy
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pregnant women. Our findings are in line with the American
College of Obstetricians and Gynecologists (ACOG) who
recommends that pregnant women should engage in moderate
exercise for 30min per day on most days of the week, with the
exception of women with compromising health conditions (e.g.,
pre-eclampsia) (114). The anatomic and physiological changes,
absolute and relative contraindications should be considered.
Activities that increase the risk of falls or those that may result
in excessive joint stress, should include cautionary advice for
most pregnant women, but evaluated on an individual basis
with consideration for individual abilities. The major challenge
remains how best to engage pregnant women in regular physical
activity and sustain changes during the perinatal period. Lau et al.
has shown that a combination of in-person, e-based and phone
interventions is more effective to reduce GWG, in comparison
with an e-based platform alone.(80) It is possible that women
with overweight or obesity need a higher dose of physical activity
to influence GWG or other pregnancy outcomes compared to
normal weight women. Evidence supports moderate intensity
physical activity between 150 and 250min per week to be effective
to prevent weight gain in adults with overweight or obesity (120),
however there is to date no information in pregnant women.
The effects of antenatal interventions on maternal and
fetal morbidities and mortality remained unclear. This review
of reviews demonstrates that there is low-quality evidence
that multi-component diet and physical activity interventions
decrease the likelihood of pregnancy-induced hypertension,
cesarean section and neonatal respiratory distress syndrome
in women from all BMI classes. Furthermore, diet-based
interventions were shown to be effective in decreasing the
risks of GDM and pregnancy-induced hypertension in women
with overweight and obesity. These findings are of particular
importance to primary care providers, as pre-pregnancy obesity
is an independent risk factor for serious maternal complications
(3, 13–16, 23, 24).
Although the quality of evidence remain low, the available
evidence suggests that antenatal multi-component lifestyle
interventions are also effective in reducing the risk of
macrosomia and neonatal respiratory distress syndrome in
women with overweight and obesity (3). As maternal pre-
pregnancy obesity is associated with an increased risk for the
offspring developing childhood obesity and NCDs in the long
term, these findings suggest that health care providers should
pay particular attention to this high-risk population, in order to
prevent the vicious intergenerational cycle of obesity (3, 33, 40).
Combined diet and physical activity lifestyle interventions
are effective to reduce GWG, with evidence from this review
showing a decrease by 20–28% in the risk for GWG above the
IOM guidelines, although the magnitude of effects on weight
is small (−1.8 to −0.7 kg). So weight loss prior pregnancy
is probably needed to achieve both GWG goals and optimal
pregnancy outcomes (36, 115, 121). The current European
Association for the Study of Obesity (EASO) guidelines for
the management of adult obesity provide useful information
for primary care providers (122). This treatment should be
undertaken by a multidisciplinary obesity team with the ability
to tackle the different aspects of obesity and its co-morbidities.
Weight loss objectives should be realistic (5–10% over a period
of 6 months) and individualized. Structured intensive programs
using cognitive-behavioral techniques in individual or group
setting are effective in achieving realistic goals in an adequate
time frame (123).
Whilst bariatric surgery is currently the most cost-effective
treatment resulting in substantial weight loss in carefully selected
patients, it should only be considered for those patients with
severe obesity, or help with co-morbidity management (124).
Available data suggests that pregnancy following bariatric surgery
is associated with improved maternal and fetal outcomes,
compared to women with untreated obesity, however it is also
related to premature delivery and increased risk of SGA (125).
Pregnancy is therefore not recommended 12–18 months after
surgery, and the antenatal care of women how have undergone
bariatric surgery should be undertaken at a specialized center
(126).
Effective Interventions to Reduce
Postpartum Weight Retention
The postpartum period is also a window of opportunity to
encourage women to lose excessive weight at a time when they are
usually motivated. This evidence review shows that interventions
that include both diet and physical activity components, and
comprise individualized support and self-monitoring are more
likely to be successful in reducing PPWR in all BMI categories.
However the optimal approach to reduce PPWR remains
uncertain. Ostbye et al. observed that home-based interventions
provided a less burdensome and more practical approach than
clinic-based attendance (127). Interventions delivered via email,
mail/post, telephone, text messaging or the Internet appear
to be more practical for postpartum women than traditional
face-to-face methods. These methods of delivery for weight
loss management have also been successful in the general
population (128). Web-based weight management programs
have also been found to be as successful as traditional face-
to-face counseling for short-term weight loss (129). As women
from lower socioeconomic backgrounds are at higher risk of
developing obesity after birth, they should be targeted for PPWL
interventions (130).
The ACOG recommends a gradual return to physical activity
4–6 weeks after Childbirth (131), however, several studies
observed that a high proportion of women are not as active as
recommendations advise during the year following childbirth
(132). This current review demonstrates that physical activity–
based interventions have no effect on PPWR (98), compared to
multi-component diet and physical activity approaches (105, 106,
108–110). Dewey et al. (112) suggested that in absence of a proper
dietary intervention, women tend to increase their caloric intake
as their energy expenditure through exercise increases, thus the
calorie deficit required for weight loss cannot be reached resulting
in an ineffective intervention. Light to moderate physical activity
itself may not be sufficient to induce weight loss after birth
weight. However, physical activity during the post-partum period
can induce other beneficial effects on health, such as increased
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cardiovascular fitness (133) or reduced depression symptoms
after child birth (134).
Limitations
Our review of systematic reviews and meta-analyses provides
a comprehensive and up to date (up to January 2018)
overview of the current reviewed evidence. A rigorous quality
assessment was undertaken by two independent reviewers
for each review (R-AMSTAR). The quality assessed in each
systematic review ranged between high to very low for the
benefit observed with GWG and PWWR, but low for other
important maternal or neonatal outcomes. The low evidence
rating was explained by significant heterogeneity observed in
the effect size, risk of publication and related biases, and
deficiencies in the quality of the study. There were large
differences in the types of interventions and participants, mode
of delivery, timing of the measurements and implementation of
intervention, dose of intervention, and how it was monitored
and supervised. Most included studies were also carried out
in middle-high and high-income countries and it is not
clear whether these findings are applicable to low income
settings.
Implication for Research
Future research should focus on: the optimal dose (type,
frequency, intensity and duration) as well as the level of
supervision in interventions that aim to reduce GWG and
PPWR; measurements of psychosocial determinants of GWG
and PPWR; interventions in various groups based on BMI,
age, ethnicity, socioeconomic status, parity, and risk status
in pregnancy; the sustainability and long term effects of the
interventions on the mother and child; the cost-effectiveness of
the interventions and their feasibility in terms of incorporation
into clinical settings; and strategies to improve the adherence
and compliance of lifestyle interventions. Trials should be more
systematically designed evaluated and reported. The optimal
amount of weight gain or loss during pregnancy that would
minimize maternal and fetal complications remains a topic of
discussion (64–68), and there is a need to examine the tailoring
of interventions to the severity of maternal obesity.
CONCLUSIONS
The burden of obesity not only threatens global health care
systems but also the potential to cripple national economies
and global development (135). The perinatal period seems to
be a critical windows of opportunity to influence long-term
obesity and NCDs risk for women and their child, as well as
maternal weight status for subsequent pregnancies. Adopting
healthy behaviors may also contribute to a healthier lifestyle
for the whole family and to the prevention of early childhood
obesity (136). Evidence-based recommendations and training
programs for health care professionals are urgently needed to
increase the proportion who discuss these topics, and who do
so accurately (131). Despite the above limitations, some clear
conclusions can be made concerning the type and dose of
interventions.
A multi-component approach including a balanced diet, with
low glycemic load, and light to moderate physical activity, 30–
60min per day 3–5 days per week, should be recommended
from the first trimester of pregnancy and maintained during
the postpartum. As there is no evidence that the interventions
evaluated in this review are associated with adverse maternal
or fetal outcomes, we conclude that that desirable outcomes
of lifestyle interventions outweigh possible harms. Dietary
interventions appear to be most effective in reducing GWG and
co-morbidities such as gestational hypertension and preterm
birth in the general population, but also pregnancy-induced
hypertension, GDM andmacrosomia in women with obesity. We
hope that this evidence review will serve as a basis to inform new
policies onmaternal and child health to halt the intergenerational
cycle of obesity.
AUTHOR CONTRIBUTIONS
NF-L contributed to the conception and design of the study,
conducted the review of reviews, assessed the quality of studies,
drafted and revised the manuscript. CS and LE provided input
into the conduct of the study, the grading of evidence and the
interpretation of data. BM contributed to the review of maternal
and fetal complications associated with obesity and excessive
GWG and to the interpretation of data. All authors contributed
to the manuscript revision, read and approved the submitted
version.
ACKNOWLEDGMENTS
Pierre Dayer, Alain Golay, Bijan Farpour and the Private
Foundation of the Geneva University Hospitals for their support.
REFERENCES
1. Collaboration NCDRF. Trends in adult body-mass index
in 200 countries from 1975 to 2014: a pooled analysis of
1698 population-based measurement studies with 19.2 million
participants. Lancet (2016) 387:1377–96. doi: 10.1016/S0140-6736(16)
30054-X
2. Poston L, Caleyachetty R, Cnattingius S, Corvalan C, Uauy R, Herring
S, et al. Preconceptional and maternal obesity: epidemiology and
health consequences. Lancet Diabetes Endocrinol. (2016) 4:1025–36.
doi: 10.1016/S2213-8587(16)30217-0
3. Sebire NJ, JollyM, Harris JP,Wadsworth J, JoffeM, Beard RW, et al. Maternal
obesity and pregnancy outcome: a study of 287,213 pregnancies in London.
Int J Obes Relat Metab Disord. (2001) 25:1175–82. doi: 10.1038/sj.ijo.0801670
4. Nohr EA, VaethM, Baker JL, Sorensen T, Olsen J, Rasmussen KM. Combined
associations of prepregnancy body mass index and gestational weight
gain with the outcome of pregnancy. Am J Clin Nutr. (2008) 87:1750–9.
doi: 10.1093/ajcn/87.6.1750
5. Oken E, Kleinman KP, Belfort MB, Hammitt JK, Gillman MW.
Associations of gestational weight gain with short- and longer-term
maternal and child health outcomes. Am J Epidemiol. (2009) 170:173–80.
doi: 10.1093/aje/kwp101
Frontiers in Endocrinology | www.frontiersin.org 16 September 2018 | Volume 9 | Article 546
Farpour-Lambert et al. Lifestyle in Pregnancy and Postpartum
6. O’Reilly JR, Reynolds RM. The risk of maternal obesity to the long-
term health of the offspring. Clin Endocrinol (Oxf). (2013) 78:9–16.
doi: 10.1111/cen.12055
7. Lutsiv O, Mah J, Beyene J, McDonald SD. The effects of morbid obesity
on maternal and neonatal health outcomes: a systematic review and meta-
analyses. Obes Rev. (2015) 16:531–46. doi: 10.1111/obr.12283
8. Marchi J, Berg M, Dencker A, Olander EK, Begley C. Risks associated with
obesity in pregnancy, for the mother and baby: a systematic review of
reviews. Obes Rev. (2015) 16:621–38. doi: 10.1111/obr.12288
9. Gilmore LA, Klempel-Donchenko M, Redman LM. Pregnancy as a window
to future health: excessive gestational weight gain and obesity. Semin
Perinatol. (2015) 39:296–303. doi: 10.1053/j.semperi.2015.05.009
10. Rahman MM, Abe SK, Kanda M, Narita S, Rahman MS, Bilano V, et al.
Maternal body mass index and risk of birth and maternal health outcomes in
low- and middle-income countries: a systematic review and meta-analysis.
Obes Rev. (2015) 16:758–70. doi: 10.1111/obr.12293
11. Talmor A, Dunphy B. Female obesity and infertility. Best Pract Res Clin
Obstet Gynaecol. (2015) 29:498–506. doi: 10.1016/j.bpobgyn.2014.10.014
12. Boots C, Stephenson MD. Does obesity increase the risk of miscarriage in
spontaneous conception: a systematic review. Semin Reprod Med. (2011)
29:507–13. doi: 10.1055/s-0031-1293204
13. Kennelly MA, McAuliffe FM. Prediction and prevention of Gestational
Diabetes: an update of recent literature. Eur J Obstet Gynecol Reprod Biol.
(2016) 202:92–8. doi: 10.1016/j.ejogrb.2016.03.032
14. Chandrasekaran S, Levine LD, Durnwald CP, Elovitz MA, Srinivas
SK. Excessive weight gain and hypertensive disorders of pregnancy
in the obese patient. J Matern Fetal Neonatal Med. (2015) 28:964–8.
doi: 10.3109/14767058.2014.939624
15. Bohrer J, Ehrenthal DB. Other adverse pregnancy outcomes
and future chronic disease. Semin Perinatol. (2015) 39:259–63.
doi: 10.1053/j.semperi.2015.05.003
16. O’Brien TE, Ray JG, Chan WS. Maternal body mass index and the risk
of preeclampsia: a systematic overview. Epidemiology (2003) 14:368–74.
doi: 10.1097/01.EDE.0000059921.71494.D1
17. Robinson HE, O’Connell CM, Joseph KS, McLeod NL. Maternal outcomes
in pregnancies complicated by obesity. Obstet Gynecol. (2005) 106:1357–64.
doi: 10.1097/01.AOG.0000188387.88032.41
18. Watkins ML, Rasmussen SA, Honein MA, Botto LD, Moore CA. Maternal
obesity and risk for birth defects. Pediatrics. (2003) 111(5 Pt 2):1152–8.
19. Stothard KJ, Tennant PW, Bell R, Rankin J. Maternal overweight and obesity
and the risk of congenital anomalies: a systematic review and meta-analysis.
JAMA. (2009) 301:636–50. doi: 10.1001/jama.2009.113
20. Faucher MA, Barger MK. Gestational weight gain in obese women by class of
obesity and select maternal/newborn outcomes: asystematic review.Women
Birth. (2015) 28:e70-9. doi: 10.1016/j.wombi.2015.03.006
21. Oken E. Maternal and child obesity: the causal link. Obstet Gynecol Clin
North Am. (2009) 36:361–77, ix-x. doi: 10.1016/j.ogc.2009.03.007
22. Heslehurst N, Rankin J, Wilkinson JR, Summerbell CD. A nationally
representative study of maternal obesity in England, UK: trends in incidence
and demographic inequalities in 619 323 births, 1989-2007. Int J Obes (Lond).
(2010) 34:420–8. doi: 10.1038/ijo.2009.250
23. Baeten JM, Bukusi EA, Lambe M. Pregnancy complications and outcomes
among overweight and obese nulliparous women.Am J Public Health. (2001)
91:436–40. doi: 10.2105/AJPH.91.3.436
24. Chu SY, Kim SY, Lau J, Schmid CH, Dietz PM, CallaghanWM, et al. Maternal
obesity and risk of stillbirth: a metaanalysis. Am J Obstet Gynecol. (2007)
197:223–8. doi: 10.1016/j.ajog.2007.03.027
25. Kumari AS. Pregnancy outcome in women with morbid obesity. Int J
Gynaecol Obstet. (2001) 73:101–7. doi: 10.1016/S0020-7292(00)00391-X
26. Cedergren MI. Maternal morbid obesity and the risk of
adverse pregnancy outcome. Obstet Gynecol. (2004) 103:219–24.
doi: 10.1097/01.AOG.0000107291.46159.00
27. Cnattingius S, Villamor E, Lagerros YT,WikstromAK, Granath F. High birth
weight and obesity–a vicious circle across generations. Int J Obes (Lond).
(2012) 36:1320–4. doi: 10.1038/ijo.2011.248
28. Gottlieb AG, Galan HL. Shoulder dystocia: an update. Obstet Gynecol Clin
North Am. (2007) 34:501–31, xii. doi: 10.1016/j.ogc.2007.07.002
29. Lepe M, Bacardi Gascon M, Castaneda-Gonzalez LM, Perez Morales ME,
Jimenez Cruz A. Effect of maternal obesity on lactation: systematic review.
Nutr Hosp. (2011) 26:1266–9.
30. Hancke K, Gundelach T, Hay B, Sander S, Reister F,Weiss JM. Pre-pregnancy
obesity compromises obstetric and neonatal outcomes. J Perinat Med. (2015)
43:141–6. doi: 10.1515/jpm-2014-0069
31. Baker JL, Gamborg M, Heitmann BL, Lissner L, Sorensen TI, Rasmussen
KM. Breastfeeding reduces postpartum weight retention. Am J Clin Nutr.
(2008) 88:1543–51. doi: 10.3945/ajcn.2008.26379
32. Owen CG, Martin RM, Whincup PH, Davey-Smith G, Gillman MW, Cook
DG. The effect of breastfeeding on mean body mass index throughout life:
a quantitative review of published and unpublished observational evidence.
Am J Clin Nutr. (2005) 82:1298–307. doi: 10.1093/ajcn/82.6.1298
33. Boney CM, Verma A, Tucker R, Vohr BR.Metabolic syndrome in childhood:
association with birth weight, maternal obesity, and gestational diabetes
mellitus. Pediatrics (2005) 115:e290-6. doi: 10.1542/peds.2004-1808
34. Fisher SC, Kim SY, Sharma AJ, Rochat R, Morrow B. Is obesity still increasing
among pregnant women? Prepregnancy obesity trends in 20 states, 2003-
2009. Prev Med. (2013) 56:372–8. doi: 10.1016/j.ypmed.2013.02.015
35. Flegal KM, Carroll MD, Kit BK, Ogden CL. Prevalence of obesity and trends
in the distribution of body mass index among US adults, 1999-2010. JAMA
(2012) 307:491–7. doi: 10.1001/jama.2012.39
36. Devlieger R, Benhalima K, Damm P, Van Assche A, Mathieu C, Mahmood
T, et al. Maternal obesity in Europe: where do we stand and how to move
forward?: a scientific paper commissioned by the European Board and
College of Obstetrics and Gynaecology (EBCOG). Eur J Obstet Gynecol
Reprod Biol. (2016) 201:203–8. doi: 10.1016/j.ejogrb.2016.04.005
37. Han E, Abrams B, Sridhar S, Xu F, Hedderson M. Validity of self-reported
pre-pregnancy weight and body mass index classification in an integrated
health care delivery system. Paediatr Perinat Epidemiol. (2016) 30:314–9.
doi: 10.1111/ppe.12286
38. Carmichael S, Abrams B, Selvin S. The pattern of maternal weight gain
in women with good pregnancy outcomes. Am J Public Health. (1997)
87:1984–8. doi: 10.2105/AJPH.87.12.1984
39. Chu SY, Callaghan WM, Bish CL, D’Angelo D. Gestational weight gain
by body mass index among US women delivering live births, 2004-
2005: fueling future obesity. Am J Obstet Gynecol. (2009) 200:271 e1-7.
doi: 10.1016/j.ajog.2008.09.879
40. Barker DJ, Thornburg KL. The obstetric origins of health for a lifetime. Clin
Obstet Gynecol. (2013) 56:511–9. doi: 10.1097/GRF.0b013e31829cb9ca
41. Razak F, Finlay JE, Subramanian SV. Maternal underweight
and child growth and development. Lancet (2013) 381:626–7.
doi: 10.1016/S0140-6736(13)60344-X
42. Ludwig DS, Currie J. The association between pregnancy weight gain
and birthweight: a within-family comparison. Lancet (2010) 376:984–90.
doi: 10.1016/S0140-6736(10)60751-9
43. Leonard SA, Petito LC, Rehkopf DH, Ritchie LD, Abrams B. Weight
gain in pregnancy and child weight status from birth to adulthood
in the United States. Pediatr Obes. (2017) 12 (Suppl. 1):18–25.
doi: 10.1111/ijpo.12163
44. Houghton LC, Ester WA, Lumey LH, Michels KB, Wei Y, Cohn BA, et al.
Maternal weight gain in excess of pregnancy guidelines is related to daughters
being overweight 40 years later. Am J Obstet Gynecol. (2016) 215:246 e1-e8.
doi: 10.1016/j.ajog.2016.02.034
45. Stotland NE, Cheng YW, Hopkins LM, Caughey AB. Gestational weight gain
and adverse neonatal outcome among term infants. Obstet Gynecol. (2006)
108(3 Pt 1):635–43. doi: 10.1097/01.AOG.0000228960.16678.bd
46. Mamun AA, Mannan M, Doi SA. Gestational weight gain in relation to
offspring obesity over the life course: a systematic review and bias-adjusted
meta-analysis. Obes Rev. (2014) 15:338–47. doi: 10.1111/obr.12132
47. Rooney BL, Schauberger CW, Mathiason MA. Impact of perinatal weight
change on long-term obesity and obesity-related illnesses. Obstet Gynecol.
(2005) 106:1349–56. doi: 10.1097/01.AOG.0000185480.09068.4a
48. Mamun AA, Kinarivala M, O’Callaghan MJ, Williams GM, Najman JM,
Callaway LK. Associations of excess weight gain during pregnancy with
long-term maternal overweight and obesity: evidence from 21 y postpartum
follow-up. Am J Clin Nutr. (2010) 91:1336–41. doi: 10.3945/ajcn.2009.28950
Frontiers in Endocrinology | www.frontiersin.org 17 September 2018 | Volume 9 | Article 546
Farpour-Lambert et al. Lifestyle in Pregnancy and Postpartum
49. Krukowski RA, Bursac Z, McGehee MA, West D. Exploring potential health
disparities in excessive gestational weight gain. J Womens Health (Larchmt).
(2013) 22:494–500. doi: 10.1089/jwh.2012.3998
50. Restall A, Taylor RS, Thompson JM, Flower D, Dekker GA, Kenny LC, et al.
Risk factors for excessive gestational weight gain in a healthy, nulliparous
cohort. J Obes. (2014) 2014:148391. doi: 10.1155/2014/148391
51. Samura T, Steer J, Michelis LD, Carroll L, Holland E, Perkins R. Factors
associated with excessive gestational weight gain: review of current literature.
Glob Adv Health Med. (2016) 5:87–93. doi: 10.7453/gahmj.2015.094
52. Herring SJ, Nelson DB, Davey A, Klotz AA, Dibble LV, Oken
E, et al. Determinants of excessive gestational weight gain in
urban, low-income women. Womens Health Iss. (2012) 22:e439–46.
doi: 10.1016/j.whi.2012.05.004
53. Rong K, Yu K, Han X, Szeto IM, Qin X, Wang J, et al. Pre-pregnancy
BMI, gestational weight gain and postpartum weight retention: a meta-
analysis of observational studies. Public Health Nutr. (2015) 18:2172–82.
doi: 10.1017/S1368980014002523
54. Villamor E, Cnattingius S. Interpregnancy weight change and risk of adverse
pregnancy outcomes: a population-based study. Lancet (2006) 368:1164–70.
doi: 10.1016/S0140-6736(06)69473-7
55. Rossner S, Ohlin A. Pregnancy as a risk factor for obesity: lessons from the
Stockholm Pregnancy and Weight Development Study. Obes Res. (1995) 3
(Suppl. 2):267s−75s. doi: 10.1002/j.1550-8528.1995.tb00473.x
56. Linne Y, Barkeling B, Rossner S. Long-term weight development after
pregnancy.Obes Rev. (2002) 3:75–83. doi: 10.1046/j.1467-789X.2002.00061.x
57. Olson CM, Strawderman MS, Hinton PS, Pearson TA. Gestational weight
gain and postpartum behaviors associated with weight change from early
pregnancy to 1 y postpartum. Int J Obes Relat Metab Disord. (2003) 27:117–
27. doi: 10.1038/sj.ijo.0802156
58. Williamson DF, Kahn HS, Remington PL, Anda RF. The 10-year incidence
of overweight and major weight gain in US adults. Arch Intern Med. (1990)
150:665–72. doi: 10.1001/archinte.1990.00390150135026
59. Rooney BL, Schauberger CW. Excess pregnancy weight gain and long-
term obesity: one decade later. Obstet Gynecol. (2002) 100:245–52.
doi: 10.1097/00006250-200208000-00008
60. Endres LK, Straub H, McKinney C, Plunkett B, Minkovitz CS,
Schetter CD, et al. Postpartum weight retention risk factors and
relationship to obesity at 1 year. Obstet Gynecol. (2015) 125:144–52.
doi: 10.1097/AOG.0000000000000565
61. Freeman DJ. Effects of maternal obesity on fetal growth and body
composition: implications for programming and future health. Semin Fetal
Neonatal Med. (2010) 15:113–8. doi: 10.1016/j.siny.2009.09.001
62. Margerison Zilko CE, Rehkopf D, Abrams B. Association of maternal
gestational weight gain with short- and long-term maternal and
child health outcomes. Am J Obstet Gynecol. (2010) 202:574 e1-8.
doi: 10.1016/j.ajog.2009.12.007
63. Scott C, Andersen CT, Valdez N, Mardones F, Nohr EA, Poston L, et al. No
global consensus: a cross-sectional survey of maternal weight policies. BMC
Pregnancy Childbirth. (2014) 14:167. doi: 10.1186/1471-2393-14-167
64. Claesson IM, Sydsjo G, Olhager E, Oldin C, Josefsson A. Effects of a
gestational weight gain restriction program for obese pregnant women:
children’s weight development during the first five years of life. Child Obes.
(2016) 12:162–70. doi: 10.1089/chi.2015.0177
65. Kiel DW, Dodson EA, Artal R, Boehmer TK, Leet TL. Gestational weight
gain and pregnancy outcomes in obese women: how much is enough? Obstet
Gynecol. (2007) 110:752–8. doi: 10.1097/01.AOG.0000278819.17190.87
66. Kapadia MZ, Park CK, Beyene J, Giglia L, Maxwell C, McDonald SD. Can
we safely recommend gestational weight gain below the 2009 guidelines
in obese women? A systematic review and meta-analysis. Obes Rev. (2015)
16:189–206. doi: 10.1111/obr.12238
67. Kapadia MZ, Park CK, Beyene J, Giglia L, Maxwell C, McDonald
SD. Weight loss instead of weight gain within the guidelines in
obese women during pregnancy: a systematic review and meta-analyses
of maternal and infant outcomes. PLoS ONE (2015) 10:e0132650.
doi: 10.1371/journal.pone.0132650
68. Catalano PM, Mele L, Landon MB, Ramin SM, Reddy UM, Casey B, et al.
Inadequate weight gain in overweight and obese pregnant women: what
is the effect on fetal growth? Am J Obstet Gynecol. (2014) 211:137.e1-7.
doi: 10.1016/j.ajog.2014.02.004
69. Rasmussen KM, Catalano PM, Yaktine AL. New guidelines for weight gain
during pregnancy: what obstetrician/gynecologists should know. Curr Opin
Obstet Gynecol. (2009) 21:521–6. doi: 10.1097/GCO.0b013e328332d24e
70. Crane JM, White J, Murphy P, Burrage L, Hutchens D. The
effect of gestational weight gain by body mass index on maternal
and neonatal outcomes. J Obstet Gynaecol Can. (2009) 31:28–35.
doi: 10.1016/S1701-2163(16)34050-6
71. Rasmussen KM, Abrams B, Bodnar LM, Butte NF, Catalano PM, Maria
Siega-Riz A. Recommendations for weight gain during pregnancy in
the context of the obesity epidemic. Obstet Gynecol. (2010) 116:1191–5.
doi: 10.1097/AOG.0b013e3181f60da7
72. Reynolds RM, Osmond C, Phillips DI, Godfrey KM. Maternal BMI,
parity, and pregnancy weight gain: influences on offspring adiposity
in young adulthood. J Clin Endocrinol Metab. (2010) 95:5365–9.
doi: 10.1210/jc.2010-0697
73. Tennant PW, Rankin J, Bell R. Maternal body mass index and the risk of fetal
and infant death: a cohort study from the North of England. Hum Reprod.
(2011) 26:1501–11. doi: 10.1093/humrep/der052
74. Shulman R, Kottke M. Impact of maternal knowledge of recommended
weight gain in pregnancy on gestational weight gain. Am J Obstet Gynecol.
(2016) 214:754e1-7. doi: 10.1016/j.ajog.2016.03.021
75. Fealy SM, Taylor RM, FoureurM, Attia J, Ebert L, Bisquera A, et al. Weighing
as a stand-alone intervention does not reduce excessive gestational weight
gain compared to routine antenatal care: a systematic review and meta-
analysis of randomised controlled trials. BMC Pregnancy Childbirth. (2017)
17:36. doi: 10.1186/s12884-016-1207-2
76. Whitaker KM, Wilcox S, Liu J, Blair SN, Pate RR. Patient and provider
perceptions of weight gain, physical activity, and nutrition counseling during
pregnancy: a qualitative study. Womens Health Issues (2016) 26:116–22.
doi: 10.1016/j.whi.2015.10.007
77. Heslehurst N, Newham J, Maniatopoulos G, Fleetwood C, Robalino S,
Rankin J. Implementation of pregnancy weight management and obesity
guidelines: a meta-synthesis of healthcare professionals’ barriers and
facilitators using the Theoretical Domains Framework. Obes Rev. (2014)
15:462–86. doi: 10.1111/obr.12160
78. NIH NH, Lung and Blood Institute. Assessment of Systematic Reviews
and Meta-Analyses: U.S. Department of Health & Human Services (2018).
Available online at: https://www.nhlbi.nih.gov/health-topics/study-quality-
assessment-tools
79. Kung J, Chiappelli F, Cajulis OO, Avezova R, Kossan G, Chew L, et al. From
systematic reviews to clinical recommendations for evidence-based health
care: validation of revised assessment of multiple systematic reviews (R-
AMSTAR) for grading of clinical relevance. Open Dent J. (2010) 4:84–91.
doi: 10.2174/1874210601004010084
80. Streuling I, Beyerlein A, von Kries R. Can gestational weight gain be
modified by increasing physical activity and diet counseling? A meta-
analysis of interventional trials. Am J Clin Nutr. (2010) 92:678–87.
doi: 10.3945/ajcn.2010.29363
81. Skouteris H, Hartley-Clark L, McCabe M, Milgrom J, Kent B,
Herring SJ, et al. Preventing excessive gestational weight gain: a
systematic review of interventions. Obes Rev. (2010) 11:757–68.
doi: 10.1111/j.1467-789X.2010.00806.x
82. Gardner B, Wardle J, Poston L, Croker H. Changing diet and physical
activity to reduce gestational weight gain: a meta-analysis. Obes Rev. (2011)
12:e602-20. doi: 10.1111/j.1467-789X.2011.00884.x
83. Tanentsapf I, Heitmann BL, Adegboye AR. Systematic review of clinical trials
on dietary interventions to prevent excessive weight gain during pregnancy
among normal weight, overweight and obese women. BMC Pregnancy
Childbirth. (2011) 11:81. doi: 10.1186/1471-2393-11-81
84. Sui Z, Grivell RM, Dodd JM. Antenatal exercise to improve outcomes in
overweight or obese women: a systematic review. Acta Obstet Gynecol Scand.
(2012) 91:538–45. doi: 10.1111/j.1600-0412.2012.01357.x
85. van der Pligt P, Willcox J, Hesketh KD, Ball K, Wilkinson S, Crawford
D, et al. Systematic review of lifestyle interventions to limit postpartum
weight retention: implications for future opportunities to prevent maternal
Frontiers in Endocrinology | www.frontiersin.org 18 September 2018 | Volume 9 | Article 546
Farpour-Lambert et al. Lifestyle in Pregnancy and Postpartum
overweight and obesity following childbirth. Obes Rev. (2013) 14:792–805.
doi: 10.1111/obr.12053
86. Furber CM, McGowan L, Bower P, Kontopantelis E, Quenby S, Lavender T.
Antenatal interventions for reducing weight in obese women for improving
pregnancy outcome. Cochrane Database Syst Rev. (2013) CD009334.
doi: 10.1002/14651858.CD009334.pub2
87. Neville CE, McKinley MC, Holmes VA, Spence D, Woodside JV. The
effectiveness of weight management interventions in breastfeeding women–
a systematic review and critical evaluation. Birth (2014) 41:223–36.
doi: 10.1111/birt.12111
88. McDonald SM, Liu J, Wilcox S, Lau EY, Archer E. Does dose
matter in reducing gestational weight gain in exercise interventions?
A systematic review of literature. J Sci Med Sport. (2016) 19:323–35.
doi: 10.1016/j.jsams.2015.03.004
89. Tielemans MJ, Garcia AH, Peralta Santos A, Bramer WM, Luksa
N, Luvizotto MJ, et al. Macronutrient composition and gestational
weight gain: a systematic review. Am J Clin Nutr. (2016) 103:83–99.
doi: 10.3945/ajcn.115.110742
90. Tieu J, Shepherd E, Middleton P, Crowther CA. Dietary advice interventions
in pregnancy for preventing gestational diabetes mellitus.Cochrane Database
Syst Rev. (2017) 1:CD006674. doi: 10.1002/14651858.CD006674.pub3
91. Saligheh M, Hackett D, Boyce P, Cobley S. Can exercise or physical
activity help improve postnatal depression and weight loss? A
systematic review. Arch Womens Ment Health. (2017) 20:595–611.
doi: 10.1007/s00737-017-0750-9
92. Wiebe HW, Boule NG, Chari R, Davenport MH. The effect of supervised
prenatal exercise on fetal growth: a meta-analysis. Obstet Gynecol. (2015)
125:1185–94. doi: 10.1097/AOG.0000000000000801
93. Gilinsky AS, Dale H, Robinson C, Hughes AR, McInnes R,
Lavallee D. Efficacy of physical activity interventions in post-natal
populations: systematic review, meta-analysis and content coding of
behaviour change techniques. Health Psychol Rev. (2015) 9:244–63.
doi: 10.1080/17437199.2014.899059
94. Magro-Malosso ER, Saccone G, Di Mascio D, Di Tommaso M,
Berghella V. Exercise during pregnancy and risk of preterm birth in
overweight and obese women: a systematic review and meta-analysis of
randomized controlled trials. Acta Obstet Gynecol Scand. (2017) 96:263–73.
doi: 10.1097/01.ogx.0000521862.17087.d3
95. Magro-Malosso ER, Saccone G, Di Tommaso M, Roman A, Berghella V.
Exercise during pregnancy and risk of gestational hypertensive disorders:
a systematic review and meta-analysis. Acta Obstet Gynecol Scand. (2017)
96:921–31. doi: 10.1111/aogs.13151
96. Quinlivan JA, Julania S, Lam L. Antenatal dietary interventions in obese
pregnant women to restrict gestational weight gain to Institute of Medicine
recommendations: a meta-analysis. Obstet Gynecol. (2011) 118:1395–401.
doi: 10.1097/AOG.0b013e3182396bc6
97. Streuling I, Beyerlein A, Rosenfeld E, Hofmann H, Schulz T, von Kries R.
Physical activity and gestational weight gain: a meta-analysis of intervention
trials. BJOG. (2011) 118:278–84. doi: 10.1111/j.1471-0528.2010.02801.x
98. Elliott-Sale KJ, Barnett CT, Sale C. Exercise interventions for weight
management during pregnancy and up to 1 year postpartum among normal
weight, overweight and obese women: a systematic review andmeta-analysis.
Br J Sports Med. (2015) 49:1336–42. doi: 10.1136/bjsports-2014-093875
99. da Silva SG, Ricardo LI, Evenson KR, Hallal PC. Leisure-time physical
activity in pregnancy and maternal-child health: a systematic review and
meta-analysis of randomized controlled trials and cohort studies. SportsMed.
(2017) 47:295–317. doi: 10.1007/s40279-016-0565-2
100. Perales M, Santos-Lozano A, Ruiz JR, Lucia A, Barakat R. Benefits of
aerobic or resistance training during pregnancy on maternal health and
perinatal outcomes: a systematic review. Early Hum Dev. (2016) 94:43–8.
doi: 10.1016/j.earlhumdev.2016.01.004
101. Muktabhant B, Lawrie TA, Lumbiganon P, Laopaiboon M.
Diet or exercise, or both, for preventing excessive weight gain
in pregnancy. Cochrane Database Syst Rev. (2015) CD007145.
doi: 10.1002/14651858.CD007145.pub3
102. Thangaratinam S, Rogozinska E, Jolly K, Glinkowski S, Roseboom T,
Tomlinson JW, et al. Effects of interventions in pregnancy on maternal
weight and obstetric outcomes: meta-analysis of randomised evidence. BMJ
(2012) 344:e2088. doi: 10.1097/OGX.0b013e31826f78d9
103. International Weight Management in Pregnancy Collaborative G. Effect of
diet and physical activity based interventions in pregnancy on gestational
weight gain and pregnancy outcomes: meta-analysis of individual participant
data from randomised trials. BMJ (2017) 358:j3119.
104. O’Brien CM, Grivell RM, Dodd JM. Systematic review of antenatal dietary
and lifestyle interventions in women with a normal body mass index. Acta
Obstet Gynecol Scand. (2016) 95:259–69. doi: 10.1111/aogs.12829
105. Lau Y, Klainin-Yobas P, Htun TP, Wong SN, Tan KL, Ho-Lim ST, et al.
Electronic-based lifestyle interventions in overweight or obese perinatal
women: a systematic review andmeta-analysis.Obes Rev. (2017) 18:1071–87.
doi: 10.1111/obr.12557
106. Choi J, Fukuoka Y, Lee JH. The effects of physical activity and physical
activity plus diet interventions on body weight in overweight or obese
women who are pregnant or in postpartum: a systematic review and
meta-analysis of randomized controlled trials. Prev Med. (2013) 56:351–64.
doi: 10.1016/j.ypmed.2013.02.021
107. Flynn AC, Dalrymple K, Barr S, Poston L, Goff LM, Rogozinska E, et al.
Dietary interventions in overweight and obese pregnant women: a systematic
review of the content, delivery, and outcomes of randomized controlled
trials. Nutr Rev. (2016) 74:312–28. doi: 10.1093/nutrit/nuw005
108. Berger AA, Peragallo-Urrutia R, Nicholson WK. Systematic review of the
effect of individual and combined nutrition and exercise interventions
on weight, adiposity and metabolic outcomes after delivery: evidence for
developing behavioral guidelines for post-partum weight control. BMC
Pregnancy Childbirth. (2014) 14:319. doi: 10.1186/1471-2393-14-319
109. Nascimento SL, Pudwell J, Surita FG, Adamo KB, Smith GN. The effect
of physical exercise strategies on weight loss in postpartum women: a
systematic review and meta-analysis. Int J Obes (Lond). (2014) 38:626–35.
doi: 10.1038/ijo.2013.183
110. Lim S, O’Reilly S, Behrens H, Skinner T, Ellis I, Dunbar JA. Effective
strategies for weight loss in post-partum women: a systematic review and
meta-analysis. Obes Rev. (2015) 16:972–87. doi: 10.1111/obr.12312
111. Shepherd E, Gomersall JC, Tieu J, Han S, Crowther CA, Middleton
P. Combined diet and exercise interventions for preventing gestational
diabetes mellitus. Cochrane Database Syst Rev. (2017) 11:CD010443.
doi: 10.1002/14651858.CD010443.pub3
112. Dewey KG, Lovelady CA, Nommsen-Rivers LA, McCrory MA, Lonnerdal
B. A randomized study of the effects of aerobic exercise by lactating women
on breast-milk volume and composition. N Engl J Med. (1994) 330:449–53.
doi: 10.1056/NEJM199402173300701
113. American College of O, Gynecologists. ACOG Committee opinion no.
548: weight gain during pregnancy. Obstet Gynecol. (2013) 121:210–2.
doi: 10.1097/01.AOG.0000425668.87506.4c
114. Artal R. Exercise in pregnancy: guidelines. Clin Obstet Gynecol. (2016)
59:639–44. doi: 10.1097/GRF.0000000000000223
115. Excellence. NIfHaC. Weight Management Before, During and After
Pregnancy. Manchester: NICE Public Health Guidance (2010).
116. Butte NF, King JC. Energy requirements during pregnancy and lactation.
Public Health Nutr. (2005) 8:1010–27. doi: 10.1079/PHN2005793
117. Godfrey KM, Costello PM, Lillycrop KA. The developmental environment,
epigenetic biomarkers and long-term health. J Dev Orig Health Dis. (2015)
6:399–406. doi: 10.1017/S204017441500121X
118. Geraghty AA, Sexton-Oates A, O’Brien EC, Alberdi G, Fransquet P, Saffery
R, et al. A Low glycaemic index diet in pregnancy induces DNA methylation
variation in blood of newborns: results from the ROLO randomised
controlled trial. Nutrients (2018) 10:E455. doi: 10.3390/nu10040455
119. Devine CM, Bove CF, Olson CM. Continuity and change in women’s weight
orientations and lifestyle practices through pregnancy and the postpartum
period: the influence of life course trajectories and transitional events. Soc Sci
Med. (2000) 50:567–82. doi: 10.1016/S0277-9536(99)00314-7
120. Donnelly JE, Blair SN, Jakicic JM, Manore MM, Rankin JW, Smith BK,
et al. American College of Sports Medicine Position Stand. Appropriate
physical activity intervention strategies for weight loss and prevention
of weight regain for adults. Med Sci Sports Exerc. (2009) 41:459–71.
doi: 10.1249/MSS.0b013e3181949333
Frontiers in Endocrinology | www.frontiersin.org 19 September 2018 | Volume 9 | Article 546
Farpour-Lambert et al. Lifestyle in Pregnancy and Postpartum
121. Ma RCW, Schmidt MI, Tam WH, McIntyre HD, Catalano PM. Clinical
management of pregnancy in the obese mother: before conception, during
pregnancy, and post partum. Lancet Diabetes Endocrinol. (2016) 4:1037–49.
doi: 10.1016/S2213-8587(16)30278-9
122. Yumuk V, Tsigos C, FriedM, Schindler K, Busetto L, Micic D, et al. European
guidelines for obesity management in adults. Obes Facts. (2015) 8:402–24.
doi: 10.1159/000442721
123. Fuller NR, Carter H, Schofield D, Hauner H, Jebb SA, Colagiuri S,
et al. Cost effectiveness of primary care referral to a commercial
provider for weight loss treatment, relative to standard care: a modelled
lifetime analysis. Int J Obes (Lond). (2014) 38:1104–9. doi: 10.1038/ijo.
2013.227
124. Fried M, Yumuk V, Oppert JM, Scopinaro N, Torres AJ, Weiner
R, et al. Interdisciplinary European Guidelines on metabolic and
bariatric surgery. Obes Facts. (2013) 6:449–68. doi: 10.1159/000
355480
125. Johansson K, Cnattingius S, Naslund I, Roos N, Trolle Lagerros Y, Granath
F, et al. Outcomes of pregnancy after bariatric surgery. N Engl J Med. (2015)
372:814–24. doi: 10.1056/NEJMoa1405789
126. Busetto L, Dicker D, Azran C, Batterham RL, Farpour-Lambert N, Fried
M, et al. Practical recommendations of the obesity management task
force of the european association for the study of obesity for the post-
bariatric surgery medical management. Obes Facts. (2017) 10:597–632.
doi: 10.1159/000481825
127. Ostbye T, Krause KM, Lovelady CA, Morey MC, Bastian LA, Peterson
BL, et al. Active Mothers Postpartum: a randomized controlled
weight-loss intervention trial. Am J Prev Med. (2009) 37:173–80.
doi: 10.1016/j.amepre.2009.05.016
128. Neve M, Morgan PJ, Jones PR, Collins CE. Effectiveness of web-based
interventions in achieving weight loss and weight loss maintenance
in overweight and obese adults: a systematic review with meta-
analysis. Obes Rev. (2010) 11:306–21. doi: 10.1111/j.1467-789X.2009.
00646.x
129. Weinstein PK. A review of weight loss programs delivered via
the Internet. J Cardiovasc Nurs. (2006) 21:251–8; quiz 9–60.
doi: 10.1097/00005082-200607000-00003
130. Turner MJ, Layte R. Obesity levels in a national cohort of women
9 months after delivery. Am J Obstet Gynecol. (2013) 209:124 e1-7.
doi: 10.1016/j.ajog.2013.04.020
131. Heslehurst N, Crowe L, Robalino S, Sniehotta FF, McColl E, Rankin J.
Interventions to change maternity healthcare professionals’ behaviours to
promote weight-related support for obese pregnant women: a systematic
review. Implement Sci. (2014) 9:97. doi: 10.1186/s13012-014-0097-9
132. Evenson KR, Aytur SA, Borodulin K. Physical activity beliefs, barriers, and
enablers among postpartum women. J Womens Health (Larchmt). (2009)
18:1925–34. doi: 10.1089/jwh.2008.1309
133. Amorim AR, Linne YM, Lourenco PM. Diet or exercise, or both, for weight
reduction in women after childbirth. Cochrane Database Syst Rev. (2013)
2007:CD005627. doi: 10.1002/14651858.CD005627.pub3
134. Armstrong K, Edwards H. The effectiveness of a pram-walking exercise
programme in reducing depressive symptomatology for postnatal women.
Int J Nurs Pract. (2004) 10:177–94. doi: 10.1111/j.1440-172X.2004.00478.x
135. Fruhbeck G, Toplak H,Woodward E, Yumuk V, Maislos M, Oppert JM, et al.
Obesity: the gateway to ill health - an EASO position statement on a rising
public health, clinical and scientific challenge in Europe. Obes Facts. (2013)
6:117–20. doi: 10.1159/000350627
136. Summerbell CD, Moore HJ, Vogele C, Kreichauf S, Wildgruber A, Manios
Y, et al. Evidence-based recommendations for the development of obesity
prevention programs targeted at preschool children. Obes Rev. (2012) 13
(Suppl 1):129–32. doi: 10.1111/j.1467-789X.2011.00940.x
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2018 Farpour-Lambert, Ells, Martinez de Tejada and Scott. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.
Frontiers in Endocrinology | www.frontiersin.org 20 September 2018 | Volume 9 | Article 546
